method comprising an; 
nucleic acid contains a 



tlyzing nucleic acid of said mammal to determine whether said 
»n in a FREAC3 gene, wherein the presence of said 

C~V disea seof,hee y e,a„dsa^AC3 g e„eenco d esapolypeptide«hatis^identica.to 

SEQ ID NO: 2. 
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15. (Amended) 
cardiac defect or an eye 



Method of claim 1, wherein said developmental defect is a 
ct, wherein said eye defect is anterior segment dysgenesis. 



16. (Amended)_nLnethod of claim 1, wherein said mammal is prenatal. 

17. (Amende^ 




HKMARKS 



The Invention 

The present invention relates to novel mutations in the FREAC3 gene and provtdes 
methods for identifying individuals having an increased likelihood of developing certam 
developmental defects or diseases of the eye. 



foi prinrt for Ar"""Hments 

Support for the amendments to claim 1 is found in the specification at page 8, hnes 
14-18, and page 14, lines 15-23. No new matter is introduced by these amendments. 

' A "marked up" version of the claims showing the changes made and an appendrx 
of the claims as pending are attached. 



TV nffira Action 

Claims 1-5, 8, 1 1, and 15-17 are pending in this application. All pending claims 
stand rejected under 35 U.S.C. § 1 12, for an inadequate written description, a lack of 
enablement and indefmiteness. Claims 1, 8, 11, 15, and 17 are further rejected under 
either 35 U S C. § 102, as being anticipated by or, in the alternative, 35 U.S.C. § 103, as 
being obvious in view of Mears * al (Am. J. Hum. Genet. (1996) 59: 1321-1327) and 
Mirzayans etal. (Am. J. Hum. Genet. (1997) 61: 111-119). 

Esj££liQnslI ^^ 1 7, first paragraph 

Claims 1-5, 8, 11, and 15-17 are rejected under 35 U.S.C. § 112, first paragraph, 
for both an inadequate written description and a lack of enablement. Each basis for 
rejection will be dealt with separately. 

Written Description 

Claims 1-5, 8, 1 1, and 15-17 stand rejected under 35 U.S.C. § 1 12, first paragraph, 
for an inadequate written description. Specifically, the Examiner states that, although the 
description of nucleotide and amino acid sequence of the human FREAC3 gene is 
adequate, claims encompassing mutated and variant sequences, and those from other 
species are not adequately described. Applicants have amended claim 1 , ftom which the 
rejected claims depend, and provide the following remarks. 

First, Applicants note that claim 1, from which all other rejected claims depend, 
has been amended to require the FREAC3 gene encode a polypeptide that is 90% 
identical to the human FREAC3 protein. Accordingly, the amended claim describes a 
detailed chemical structure of the encompassed nucleic acids. Such nucleic acids were 
both envisioned and reduced to practice at the time of filing. The specification provtdes 
support for FREAC3 genes which are substantially identical to the human(see, for 
example, page 14, lines 15-23). Additionally, discussed in more detail below, specific 



-3- 



mutations, truncations and a mammalian homolog are described. 

Contrary to the Examiner's assertion, Applicants describe the FREAC3 gene from 
more than one mammalian species, and.dentify several important mutated and vanant 
sequences. As noted by the Examiner, the nucleotide and amino acid sequence of the 
human FREAC3 gene are specifically described in SEQ ID NOs: 1 and 2. However, 
Applicants, in several instances, also identify Mfl as the murine homolog to FREAC3 
(see for example, page 10, lines 12-14; page 40, line 20; and page 42, line 18), and 
provide a method for the artisan to retrieve the sequence information (page 42, hues 20- 
22). 

Applicants identify key structural and functional domains, and directly compare 
these domains between species. The forkhead domain of FREAC3, amino acids 69-178, 
is specifically identified in Figure 2 and at page 43, line 10. Applicants also make several 
critical comparisons that help a skilled artisan define the metes and bounds of mammahan 
FREAC3homologs (page 42, line 11, through page 43, line 1). The human FREAC3 
gene and the mouse Mfl gene are described as 89% identical in their nucleotide sequence 
through the coding region. The 330 nucleotides that encode the forkhead domains have 
the greatest degree of identity, 96%. The entire human FREAC3 andmurineMfl 
proteins are 92% identical, but 100% identical in the forkhead DNA binding domain. 
Additionally, helix 1 of the forkhead domain is further characterized by structure and 
function Ser82 is identified as an absolute determinant for any FREAC3 homolog to 
have biological activity, and is conserved in all forkhead family member from diverse 
species (page 44, lines 1-2). An isoleucine at residue 87 is found in 88% of forkhead 
genes. Both Ser82 and He 87 of helix 1 are believed to reside in the DNA bmdmg 
domain (page 44, lines 16-21). Thus, taken together, a skilled artisan can envisron a 
detailed chemical structure and many identifying characteristics of the claimed invention. 

Turning to the description of mutated sequences and variants of the FREAC3 gene, 
Applicants note that several examples of both silent and functional mutations are 
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provid ed. Three f^*^«*^~^****? 

I87 M respectively, anddeletionofbp 93-102, causing a frameshift mutation and 
subjects. GG C375 1 nsa„dG G C347in S eachresu.,ina g lycinei„ S e rtl o„swh 1 ch onot 

FREAC3 gene. , , 

Accordmgly.contrary to the Examiner's assertion, Applicants have descned the 
human and murine FREAC3 gene, and identified several structural and functional 

allelic variants and numerous functional mutations resulting from insertions, delete, 

claimed, is adequately described and this rejection should be withdrawn. 

Enablement . 

Claims !-5, 8, 11, and 15-17 stand rejected under 35 U.S.C. § 1X2, firs, paragraph, 
foralackofenablement. Specifically, the Examiner states that, based on Appl.cants 
disclosurcaperson of ordinarysk.il in the art couldnot practice the invention wtthout 
performing undue experimentation. Four factors are identified for which tire Exammer 
findstheenablementtobeinsufficient. The factors are: (i) the quantity of 
experimentation necessary; (ii) the ,ack of working example; (iii) the unpredtctabthty of 
ft! Uand^thelackofsufficient guidance relative to the claim breadth. Apphcants 
respectfully disagree with each of these asserted deficienc.es. 
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The court in/^e^definestheboundariesofundueexperimentatton and 
states that "the testis not merely q ua„ti te tiv e , since a considerable amount of 
ie—ispermtssiblCHismerelyroutine, 85.Fa*731.^0 f . 
,988) ApplicantssubmittotitisnomingmoremanroutmetoisolateDNAfroma 
human subject and analyze a particular gene. DNA is most commonly isolated from 
Mood samples; however, many other sources, deluding biopsy samples and mucosa, 
scrapings, are often used. As the Examiner points out, the genetic analysis can be done 
by any one, or a combination of technic,ues known in the art. Itis routine to* 
glLterattonsby genetic seouencing, RFLP, or nucleic acid hybridization techn iq ues. 

F ur*ermore,mesldllina rt ofper« 

pracutionershaveM.D.sorPh.Ds.andmerearemanyeommerciallyava.lable ktts and 

other resources for performing these analyse, Therefore, the actual DNA 
anatysisfromahuman subject does not constitute undue, or evenalargequanttty of 

routine, experimentation. 



Wm-kinp F™™p1es 

The Examiner also asserts that me specification lacks working examples. 
Although, Apphcants note thatthe absence of working examples is not determinative on 
the issueof enablement (,„ re I^g 368 F.2d 892 (C.C.P.A. 1966), the Exammer s 
assertion is incorrect. Applicants have dtscovered the linkage between mutations m 
FREAC3andhuman disease by analyzing DNA from human patients. Apphcants 
researchhasidentifiedthreed^^^ 

,0base pair deletion^ 93-102), and two missense mutations (G245C and G261C . 
Tbese mutations are not prophetic examples; they arc mutations identified m actual 
patients suffering from anterior segment dysgenesis. 
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p rf flrtifrility of the Art 

,„ further support of this rejection, the Examiner asserts that the art of nucleic acd 
analysis and the art of predicting enzyme function from structural determmants ts 
unpredictable. Applicants submit mat skill in me art of nucleic acid analyse was 
extremelyhigh at me timeof filing. Sambrook e, al. (1989), the Examiner's own 
reference that was published nine years before the earliest priority of the present 
application, demonstrates that a many of the nuances of nucleic acid analysis were 
appreciated. For example, Sambrook e, al, extensively describe mathematical formulae 
to estimate the kinetics of hybridization and provide guidance on reaction conditions and 
reagents. In sum, the art of nucleic acid hybridization and analysis was very predtctable 
and the skill in that art was extremely high. 

The Examiner also cites Skolnick et al. (2000) for the proposition that the 
prediction of catalytic function is unpredictable from only structural determinants. The 
instant specification enables an artisan to determine the function of a mutated FREAC3 
polypeptide without relying on a prediction based solely on primary sequence. As 
discussed in more detail below, in addition to identifying three inactivating mutations 
found in actual human patients, the specification provides at least two other methods for 
determining FREAC3 functionality. These alternative methods include: (i) assessmg the 
DNA binding capacity of a FREAC3 polypeptide, and (ii) using transgenic animal 
technology to determine whether the mutated FREAC3 polypeptide causes an increased 
likelihood of developing anterior segment dysgenesis. 

'Tiri-ln nr" P^vidH H th» Sp^ifiranion 

In finding that an artisan would be required to perform undue experimentation to 
. practice the invention as claimed, the Examiner states that the claims do not identify 
relevant nucleic acids, or apprise the skilled artisan that which constitutes a FREAC3 
' gene. Consequently, the artisan would have to discover the FREAC3 gene sequences, 
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gene products, and methodologies sufficient to identify normal and mutated sequences. 

Applicants disagree. 

The courts have held that "it is the person in ordinary skill in the field of the 
invention tough whose eyes the claims are construed." Haynes International, Inc. v. 
Jessop Steel Co. 8 F.3d 1573 (Fed. Cir. 1993). Applicants also note that the clatms must 
be read in conjunction with the specification. The meaning of the claim term "a FREAC3 
gene" is defined in the specification at page 8, line 14, through page 9, hne 1 , and .s 
further clarified by the definition of a "wild-type FREAC3." Specifically, the FREAC3 
gene is genomic DNA that encodes a FREAC3 polypeptide, and the wild-type is the form 
most commonly found in a population that is not associated with disease phenotype. 
Furthermore, mutant FREAC3 is defined as deviation from the wild-type sequence 
sufficient ,o confer an increased risk of developing anterior segment malformattons (page 
9 lines 2-19). The specification also discloses a segment of genomic DNA which 
contains the FREAC3 coding sequence (SEQ ID NO: 1, Figure 2), and the wild-type 
FREAC3 amino acid sequence (SEQ ID NO: 2, Figure 2). 

The specification farther defines the analysis of the FREAC3 to be sufficient to 
determine whether aFREAC3 gene is wild-type or mutant (page 11, lines 21, through 
page 12 line 1). As the Examiner notes in the Office Action, the skilled arhsan 
recognizes a multitude of experimental techniques sufficient to analyze nucleic acid 
sequences (Office Action, page 5). Therefore, it is only left to the artisan to determmc 
whether a mutation is functional or silent. 

The specification also enables the artisan to assess the functionality of a FREAC3 
mutation. Applicants define functional FREAC3 as biologically active, and sufficient to 
prevent anterior segment dysgenesis. Applicants define biological activity, and prov.de a 
. strategy for its determination, at page 9, line 20, through page 10, line 1 1 . Specifically, 
. biological activity may be determined by at least two methods. First, a comparison 
' between the nucleic acid or amino acid sequence of an individual to the known wtld-type 
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(and mutant) FREAC3 sequences. The specification has identified several of the most 
common mutations in FREAC3 associated with anterior segment dysgenesis, as well as a 
number of silent mutations that do not cause disease. Additionally, mutations that result 
in truncated proteins are noted, and well recognized, as being particularly deleterious. 

Second, the specification identifies the consensus DNA binding site of FREAC3 as 
being aGTAAA(T/c)AAAca), and teaches that a reduction in FREAC3 binding to this 
sequences is indicative of a functional mutation. FREAC3 binding can be quantified by 
numerous techniques known by those skilled in the art, and identified in the specification. 
Methods include binding assays, and functional assays using a chimeric gene that 
operably link the FREAC3 binding site to a reporter gene. 

In sum, the specification enables a skilled artisan to practice the invention with 
nothing more than routine experimentation required. Nucleic acid analysis from human 
subjects is routine, and three examples of mutated FREAC3 sequences, from actual 
patients, are disclosed. The skill in the art of nucleic acid analysis is very high, and the 
techniques used to identify and characterize FREAC3 mutations is routine. The 
specification also provides several methods for determining whether an altered FREAC3 
sequence will result in a functional defect, or will be silent. Accordingly, Applicants 
respectfully submit that the invention, as claimed, is adequately enabled and this rejection 
be withdrawn. 

p^nnsTTii ^^TTsr. 6 IP second paragraph 

Claims 1-5,8, 11, and 15-17 are rejected under 35 U.S.C. § 112, second 
paragraph, as being indefinite with regard to the terms "FREAC3 gene" and "mutations in 
FREAC3 genes." 

The claims have been amended to specify the nucleotide sequence that defines the 
human FREAC3 gene. Specifically, the claims are limited to genes that encode 
polypeptides which are 90% identical to human FREAC3, as disclosed in SEQ ID NO: 2. 
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As presently claimed, a skilled artisan has structural and functional definitions of the 
products. The specification defines a FREAC3 gene as encoding a wild-type or mutant 
FREAC3 polypeptide, having normal, or reduced biological activity, respectively (see, for 
example, page 8, line 14, through page 10, line 1 1). Therefore, the combination of these 
functional criteria, with a the requirement for 90% sequence identity to the human 
FREAC3 gene, clearly define the metes and bounds of the claimed invention. 
Accordingly, the rejection can be withdrawn. 

ppj prtmns TTr ifH ^ TT S f. $ 1Q2rtri 

Claims 1, 8, 1 1, 15, 17 are rejected under 35 U.S.C. § 102(b), as being anticipated 
by Mears et ./., (Am. J. Hum. Genet. (1996) 59: 1321-1327) and Mirzayans et al, (Am. J. 
Hum. Genet. (1997) 61:111-119). Specifically, the Examiner states that both Mears and 
Mirzayans teach autosomal dominant mutations that map to 6p25 and that, although both 
publications fail to disclose a FREAC3 gene or mutation, a skilled artisan would have 
recognized them as such. Applicants respectfully traverse this rejection. 

Far from anticipating a mutation in the FREAC3 gene, Mears merely provides the 
artisan an invitation for further experimentation. Mears, in studying iridogoniodysgenesis 
anomaly (IGDA), suggests that an autosomal dominant mutation exists distal to D6S477 
at 6p25 and, through linkage studies, maps the IGDA locus to an 8.3 cM inverval (see 
abstract). An 8.3 cM fragment of genomic DNA corresponds roughly to 8,300,000 
nucleotide base pairs (Exhibit A). Watson et al., pioneers in the field of molecular 
biology, note that cloning a gene 5 cM away from a genetic marker is not trivial (Exhibit 
A). 

Furthermore, in addition to FREAC3, several other genes, including protease 
inhibitor-6 (placental thrombin inhibitor), coagulation factor XIII, and mitochondrial 
malic enzyme map to 6p25. Mears does not definitely associate any particular gene 
present within this region with IGDA. Nor does Mears disclose any mutations in the 
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genes of 6p25. „ 
MirzayansdoesnotsignificanflyrefmemeteacHngsofMears. Mirzayans, hke 

Mears, studied genomic DNA from IGDA famines using Genomic-Mismatch Scanning. 
Mirzayans does not identify any particular 6q25 gene by name or sequence, and, only 
able to extend the teachings of Mears by suggesting that the IGDA locus is contained 
wi.hina6.9cM region flanked by D6S344 and D6S477. This further refinement ofthe 
findings of Mears, to approximately 6,900,000 base pairs, does not significantly aid a 
sld „edartisan in identifying the IGDAgene or the specific, disease-causing, mutation. 

By contrast to the teachings of Mears and Mirzayans, the FREAC3 gene identified 
in thepresen, invention encodes a polypeptide in a single exon o fl 662 nucleotides. This 
corresponds to approximately two one hundredths of one percent (0.02%) ofthe genomic 
sequence identified by Mears. Additionally, Applicants have identified structural and 
functional domains ofthe nucleic acid, as well as allelic variants and inactivating 

mutations. . 

Mears and Mirzayans cannot anticipate the present invention because neither 
ref erence links any disease ofthe anterior segment with the FREAC3 gene. The 
teachings of these two references merely invite further experimentation to identify the 
disease-causing gene and the specific mutation responsible. Accordingly, the present 
invention is not anticipated by either Mears or Mirzayans and respectfully request 
withdrawal of this rejection. 
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CONCLUSION 



Applicants submit that theclaims are in condition for allowance, and such actronts 

and indudmg December 28,2001. If there are any charges or any credits, please app.y 

them to Deposit Account No. 03-2095. 

Respectfully submitted, 
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Qaim&_as Fending 
1 (Twice amended) A method of diagnosing a mammal for an increased 
lik eHhood ofhavingadeve.opmen.al defect or developing a disease of the ey< •** 

nucl eicac,dcontainsamu«ationinaFREAC3 gene, wherein the presence of sa,d 
diseaseoftheeve.andsaidPKEACSgeneencodesapoiypeptidethatis^.dent.calto 
SEQ ID NO: 2. 

2. The method of claim 1, wherein said mutation is a missense mutation. 

3. The method of claim 2, wherein said mutation results in a truncated protein. 

4. The method of claim 1 , wherein primers are used for detecting said mutation. 

5. The method of claim 1, wherein said analyzing includes detecting the loss of a 
recognition site for a restriction endonuclease. 

8. Themethod of claim 1, wherein said mammal is a human. 

11. The method of claim 1, wherein said disease of the eye is glaucoma. 

,5 (Amended) The method of claim 1, wherein said developmental defect is a 
cardiac defect or an eye defect, wherein said eyedefect is anterior segment dysgenes,, 

16. (Amended) The method of claim 1, wherein said mammal is prenatal. 

17. (Amended) The method of claim 1, wherein said mammal is a human. 
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! (Twice amended) A method of diagnosing a mammal for an increased 
UkeUhoodofhavmgadevelopmentai defect or developing a drsease of the eye , satd 

nucleic ac,dcontamsamutationinaFREAC3 gene, wherein thepresence of s td 
Illoftheeye.^*^^ 

15 (Amended) Themethodof claim 1 [or 7], wherein said developmental defect 
isacardiac defect or an eye defect, wherein said eyedefect is anterior segment 

dysgenesis. 

,6. (Amended) Themethodof claim 1 [orclaimT], wherein saidmammal is 
prenatal. 

17. (Amended) Themethod of claim 1 [orclaim 7], wherein said mammal is a 
human. 
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522 J CHAPTER 26 

DNA samples are available for all 4 grandparents in 
each of the 29 families in the reference panel. Lym- 
phoblastoid cell lines are used for ptqjmgD^ 
which is then distributed to members of the CEFH 
Collaboration. The Collaboration is an international 
affair with over 60 participating laboratories through- 
out the world; the members are committed to con- 
tributing their linkage data to a CEPH database. 



Linkage is Calculated 
from Frequency 
of Recombination 



Remember that an RFLP is not a mutation that causes 
a genetic disease. Rather, an RFLP is used as a marker 
for a gene of interest; that is, it must be hnked closely 
to the gene (Figure 26-5). When pairs of homologous 
chromosomes come together during meiosis, they ex- 
change segments in a process called recombination. The 
farther an RFLP is from a gene, the more chance there 
is that there will be recombination between the gene 
and the RFLP. In a linkage analysis, the comhentance 
of marker and gene are followed within a family. The 
probability that their observed inheritance pattern 
could occur by chance alone (that is, that they are 
completely unlinked) is calculated. The calculation is 
then repeated assuming a particular degree of linkage, 
and the ratio of the two probabilities (no linkage versus 
a specified degree of linkage) is determined. This ratio 
expresses the odds for (and against) that degree of 
linkage, and because the logarithm of the ratio is used, 
it is known as the logarithm of the odds, or kd, score. For 
practical purposes, a lod score equal to or greater than 
3 is taken to confirm that gene and marker are linked. 
This represents 1000:1 odds that the two loci are 
linked. Calculations of linkage became much easier 
with the development of computer programs that were 
able to perform the many calculations necessary to 
take into account all the members of large pedigrees. 
These programs can perform multipoint analyses that 
calculate linkage between a large number of loci and 
produce a map of their order along the chromosome 
It is important to remember that markers are placed 
on a genetic map relative to each other, the order 
being determined by the recombination between them. 



The unit of recombination is the centimorgan (cAf). 
named for the great geneticist T. H. Morgan. Two 
markers are one centimorgan apart if they recombinc 
in meiosis once in every 100 opportunities that they 
have to do so. The centimorgan is a genetic measure, 
not a physical one, but a useful role of thumb is that 
1 cM is equivalent to approximately 10 6 bp. This re- 
lationship between centimorgans and base pairs is a 
dramatic illustration of the wide gap that exists be- 
tween genetic and molecular studies. Genetiasts con- 
sider a marker 5 cM from a gene to be useful for 
practical purposes such as genetic counseling, and yet 
the molecular biologist is still 5 x 10'bp away from 
the gene that is to be cloned! A great deal of research 
is devoted to developing techniques that are capa- 
ble of manipulating very large DNA fragments in order 
to bridge this gap between genetic and physical dis^ 
tances (Chapter 29.) 
* Recombination has serious consequences when lin- 
kage analysis is used to trace the inheritance of a 
mutation in a family. The association between marker 
and gene will be lost if the crossover occurs in the 
region between the marker and the gene, and a mis- 
diagnosis will result (Figure 26-6a). The accuracy of 
following a gene using RFLPs as markers can be in- 
creased substantially if informative RFLPs are avail- 
able on each side of the gen. In this case a crossover 
can be detected because the pairing of flanking RFLP 
on each chromosome is lost (Figure 26-6b). A double 
crossover between the flanking markers would not be 
detected, but if the RFLPs are less than 5 cM from 
the gene, the chance of a double crossover is 1 in 400 
or less. Flanking markers are also important for clon- 
ing, because the investigator knows that the gene must 
lie between them. 



Abnormal X Chromosomes Provide a 
Means of Cloning the Gene tor 
Duchenne Muscular Dystrophy 

Both linkage analysis and chromosomal abnormalities 
were used in the cloning of the gene for Duchenne 
muscular dystrophy (DMD), an X-hnked disorde 
causing progressive muscle degeneration in young 
boys. There is no cure, and patients die in their late 



